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MEASURING SHIELD BREAKS IN COAXIAL 
CABLE BY A SHEATH TEST CURRENT 

BACKGROUND 

1. Field of the Invention 
This invention relates to systems for testing coaxial cable 

networks. More particularly, it relates to systems for testing 
the shielding effectiveness of coaxial cable plant so that 
defects may be identi?ed and repaired. 

2. Description of Prior Art 
Cable systems currently in use typically alloW tWo Way 

communications betWeen the headend or distribution hubs 
and many remote points that may be de?ned as homes and 
coaxial drop Wires to the homes. A headend is a collection 
point for both upstream and doWnstream signals. A distri 
bution hub, Which is sometimes used in large systems, is an 
intermediate point betWeen the headend and the ?ber nodes 
Where the doWnstream signals from the headend are split 
and the upstream signals are combined. For the sake of this 
patent, the terms headend and distribution hub may be used 
interchangeably. One frequently employed architecture is 
hybrid ?ber-coax ForWard direction, or doWnstream, 
signals are transmitted from the headend via optical ?bers to 
?ber nodes. At the ?ber node, the doWnstream transmission 
is converted from an optical signal to an electrical signal. 
The signal is distributed from the ?ber node to a plurality of 
remote points, Which may be homes, via coaxial cable by 
splitting. Ampli?cation overcomes the losses of the cable 
and splitting devices. This portion of the netWork is referred 
to as a tree-and-branch system. The doWnstream frequency 
range is typically 54 to 550 MHZ. This doWnstream system 
Works Well because a high quality signal, Which consists of 
many channels, is produced in the headend. The processes of 
splitting and ampli?cation can produce many high quality 
replicas of the headend signal. DoWnstream signals have 
traditionally been analog television (TV) carriers. Digital 
carriers, such as digital audio, digital TV, cable telephone, 
and computer data, are increasingly being transported by the 
doWnstream system. 

In the return direction, or upstream, signals are transmit 
ted from the remote points in the 5 to 30 MHZ frequency 
band to the ?ber node. The same passive devices that acted 
as splitters for doWnstream signals act as combiners for 
upstream signals. At the ?ber optic node, the combined 
upstream electrical signals are converted to an optical signal 
for transmission to the headend. ForWard and return signals 
typically travel inside the same coaxial cable in opposite 
directions. The use of diplex ?lters alloWs bidirectional 
travel inside a single coaxial cable. In the ?ber optic bundle, 
forWard and return signals commonly travel in opposite 
directions in different optic ?bers. 

The upstream system is problematic because noise that is 
introduced into one branch can contaminate the signals on 
all branches because the return signals are combined. This 
problem is commonly referred to as noise funneling. The use 
of 5—30 MHZ for the return band makes the noise funneling 
problem even more acute, since man-made electrical noise 
is strong in this frequency band. 

It has been discovered that the most common form of 
return band impairment is high speed bursts of noise that are 
typically short but poWerful. The noise bursts typically last 
less than 10 microseconds and have most of their energy 
content concentrated betWeen 5 and 15 MHZ. The noise 
bursts are sometimes poWerful enough to distort, or drive, 
return active devices into a non-linear mode. The common 
sources of return noise bursts are the sWitching of electrical 
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2 
devices, such as inductive loads, or motors With brushes. 
The sWitching action creates noise bursts Which get onto the 
electrical utility poWer lines. Electrical utility poWer lines 
are commonly connected to the cable lines at bonding points 
for safety reasons. Some of the energy of the noise bursts on 
the poWer lines are transferred onto the coaxial cable lines 
at the common bonding points. Because of skin effect, the 
braided shields on ?exible cable lines are loW resistance 
paths for burst energy. The noise burst travels on the sheaths 
of the cable lines until they are radiated aWay, dissipated by 
resistive losses, ?nd their Way to ground, branch off, encoun 
ter a break in the coaxial cable or are otherWise dissipated. 
At a break in the coaxial shield, some of the burst noise 
energy enters the inside of the coaxial cable and travels to 
the ?ber node Where it causes interference With return 
transmissions. 

Other signal sources, such as broadcast or tWo-Way ham 
or citiZens band radio traf?c also present problems if the 
plant has a shield break. 

Breaks in coaxial cable shields inside homes are caused 
by poor installation practices, mechanical damage, 
corrosion, and other causes. Another entry point for noise 
into the cable system is at consumer electronic devices, such 
as TVs, video cassette recorders (VCRs) and FM band 
radios. These devices sometimes have poor tuner isolation, 
so that noise on the cable shield can enter the inside of the 
coax at the points in the netWork Where these devices are 
connected. Consumer electronic devices can be frequency 
selective by alloWing noise in one frequency band into the 
cable at a higher level than noise in other frequency bands 

Typical causes of poor shielding integrity in outdoor plant 
are corrosion, animal cheWs, screW-on connectors that are 
not tightened, and housings With loose bolts. 

There are multiple failure modes for the shielding integ 
rity of coaxial cable, and shielding effectiveness may be 
degraded moderately or severely. For the sake of 
description, any degradation in coaxial cable plant shielding 
integrity Will be referred to as a “shield break”. 

For a faulty shield upstream transmission problem to 
occur, tWo conditions must be simultaneously met. First, a 
source of undesirable energy must be present on the coaxial 
sheath. Second, the coaxial sheath must be defective or open 
at the instant the impairment arrives. Frequently, the coaxial 
sheath has intermittent continuity and the burst noise source 
intermittently produces interference. This makes the shield’s 
break point dif?cult to uncover by observation or passive 
testing. Additionally, the combining of upstream noise and 
signals makes it difficult to discover Which path the noise 
burst took to the ?ber node. 

The traditional method of ?nding shield breaks is by 
measuring radiated signal strength from a special narroW 
bandWidth doWnstream test signal that is typically located at 
the high end of the FM radio band. This test method does not 
adequately ?nd all shield breaks that affect return transmis 
sions. Devices have been recently introduced that can be 
used to detect shield breaks or shield problems inside homes. 
One device requires the technician to bring a sensor Within 
a feW meters of the break, Which mandates entry into the 
home. Another neW device is a re?ectometer that alloWs the 
technician to stand outside the home and measure the cable’s 
return loss. This device provides distances to discontinuities. 
This test method does not necessarily provide a distinction 
betWeen return loss problems caused by bad splitters, miss 
ing terminators, consumer electronics devices With poor 
return loss, staples through cables and shield breaks. If the 
technician is searching for shield breaks, the other informa 
tion about conditions inside the cables is confusing and 
irrelevant. 
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OBJECTS AND ADVANTAGES 

There is a need to uncover and repair shield breaks to 
allow return services to Work Well. There has been much 
discussion about bringing high-speed internet access to 
homes. One of the fastest and least expensive methods to 
provide high speed internet access is With cable modems. 
The presence of shield breaks has made the performance of 
the modems poor as the noise contaminated data must be 
re-transmitted. There is also a need to ?x shielding problems 
that create interference With doWnstream services. If there is 
a shield break, subscribers doWnstream from the problem 
Will typically experience signal quality problems With doWn 
stream carriers, particularly on channels used by radiated 
broadcast signals. Shield breaks also alloW signal egress that 
interferes With communications services, such as aeronau 
tical radio navigation systems. While a coaxial shield break 
typically effects only one or several subscribers of doWn 
stream services, it can affect all upstream subscribers in a 
?ber node. 

There is a need for testing devices that can uncover shield 
breaks. There is also a need to determine if the shield break 
is caused by a consumer electronic device that is able to pass 
energy into the center conductor of the cable. There is also 
a need to determine the distance to the break from the test 
location to make troubleshooting easier. There is also a need 
to do effective testing Without disrupting service and Without 
gaining entrance to the inside of the house, Which may not 
be possible. There is also a need to test the coaxial cable 
plant Without necessarily climbing utility poles. 

DRAWING FIGURES 

FIG. 1 is a block diagram of a simpli?ed hybrid ?ber coax 
system employing the tree and branch architecture. 

FIG. 2 is a block diagram of a test system that can be used 
to test a remote point for shielding effectiveness by detecting 
signals inside a coaxial cable at a remote point. 

FIG. 3 is a block diagram of a test system that can be used 
to test the remote point for shielding effectiveness by detect 
ing signals inside the coaxial cable at the remote point While 
providing less interruption to cable services. 

FIG. 3A is a block diagram of a test system that can be 
used to test the remote point for shielding effectiveness by 
detecting signals inside the coaxial cable at the remote point 
While providing no interruption to cable services. 

FIG. 4 is a block diagram of a test system that can be used 
to test the remote point for shielding effectiveness by detect 
ing signals inside the cable at a headend or a distribution 
hub. 

FIG. 5 is a block diagram of a test system that can be used 
to test a cable system for shield integrity by indirectly 
inducing current into a sheath. 

FIG. 6 is a block diagram of a headend receiver system 
that can be used to determine if a test signal applied by the 
test system of FIG. 5 has ingressed into the coaxial cable 
plant at a shield break. 

FIG. 7 is a software How diagram for the headend receiver 
system. 

FIG. 8 is a schematic diagram of a circuit that generates 
a pseudo noise (PN) sequence and a burst trigger signal for 
use in a reference test signal transmitter. 

SUMMARY 

In accordance With the present invention, a test system for 
?nding shield breaks comprising a coaxial cable plant, a 
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4 
reference test signal transmitter connected to a primary 
Winding, a secondary Winding formed by a coaxial cable, a 
magnetic coupling device coupling the primary and second 
ary Windings, and a receiver connected to a center conductor 
of the coaxial cable Whereby a shield break causes a refer 
ence test signal that has been induced onto the sheath of the 
coaxial cable plant to be received on the center conductor. 

DESCRIPTIONS—FIGS. 1 to 3A 

FIG. 1 illustrates a bi-directional cable system 100 Which 
employs a single mode ?ber optic cable 101 for the long 
reach from a headend 103 to a ?ber node 104. In the 
headend, Which is the collection point for doWnstream 
signals, are located a doWnstream laser transmitter 105 and 
an upstream laser receiver 106. At the ?ber node 104, Which 
is typically housed in a Weather tight outdoor housing, a 
doWnstream signal is converted from an optical signal into 
an electrical signal by a doWnstream laser receiver 107 and 
an upstream electrical signal is converted into an optical 
signal by an upstream laser transmitter 108. The upstream 
and doWnstream electrical signals are applied to a diplex 
?lter 109 Which alloWs bi-directional signal How on a same 
hard line coaxial cable 110. Diplex ?lters consist of a 
high-pass section 119 and a loW-pass section 120. 

Splitter/combiners 111 and 112 split the doWnstream 
signals and combine the upstream signals. TWo Way ampli 
?ers 113—118 boost the signal level in both directions to 
overcome the loss of the coaxial cable and splitter/ 
combiners. Taps such as a tap 205 are also splitting/ 
combining devices that alloW signal extraction and insertion. 
A coaxial cable plant 125 can be de?ned as the coaxial 
portion of the bi-directional cable system 100, Which 
extends from the ?ber node 104 to the insides of the houses 
such as a house 203. Typically, the coaxial cable plant 125 
is constructed of solid sheath hard-line aluminum coaxial 
cable from the ?ber node 104 to the tap 205, and a braided 
shield drop cable 204 is used from the tap to a house 203 as 
Well as inside the house 203. All coaxial cable has a single 
center conductor Which is typically surrounded by a foam 
dielectric. Hard line coaxial cable has a single shield, and 
?exible drop coaxial cable normally has multiple shields that 
are electrically in contact With each other. 

A Weakness in a shield of a coaxial cable can be discov 
ered by inducing a reference test signal onto the coaxial 
shield, or sheath, and testing With a receiver for a resulting 
leakage signal on a center conductor inside the coaxial cable. 
The reference test signal may optimally be induced onto the 
cable by means of a magnetic coupling device. The magnetic 
coupling device can be assembled by creating a transformer 
With the cable’s shield acting as a secondary Winding, a feW 
turns of Wire connected to a reference test signal transmitter 
acting as a primary, and a ferrite core acting as the magnetic 
coupling device. The ferrite core can optionally be split for 
easy application around the coaxial cable. The advantage of 
this testing technique is that the reference test signal travels 
on the sheath of the coaxial cable to the break in the cable’s 
sheath Where it enters the center conductor, in an identical 
fashion to the mechanism by Which poWer line conducted 
noise enters the center conductor. PoWer line conducted 
noise creates the most common form of return impairments. 

FIG. 2 is a diagram of hoW a test can be performed With 
both a reference test signal transmitter 201 and a receiver 
202 at a remote point 200. The diagram illustrates a house 
203 With a coaxial drop cable 204, and a coaxial cable indoor 
portion 225 having a shield break 212 inside the house. The 
house coaxial cable 225 typically connects to a drop cable 
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204 at a grounding block 224. The grounding block 224 is 
the normal point for grounding via a ground rod 228 or for 
connecting to the ground terminal in the electrical box. The 
drop cable 204 has been disconnected from the tap 205 and 
connected to the receiver 202 Which may be a digital 
sampling receiver, such as the Tektronix TDS 220 digital 
oscilloscope. Alternately, a data acquisition card, such as a 
Gage CompuScope 250, that plugs into a personal computer 
(PC) is also a digital sampling receiver. A data acquisition 
module, such as can be purchased from Link Instruments as 
their part number DSO-2102, can also be used as a digital 
sampling receiver. Data acquisition cards and data acquisi 
tion modules typically can be purchased With softWare that 
alloWs the time domain trace to be vieWed on a computer 
monitor. A split ferrite core, Which can be obtained from 
Fair-Rite Products Corp. Wallkill, N.Y. aspart number 
2643164151, is used as a magnetic coupling device 206. The 
magnetic coupling device forms a transformer 227, Which 
contains a primary Winding 207 and a secondary Winding 
208. The secondary Winding 208 is a coaxial cable, Which 
may be part of drop cable 204, or a coaxial extension added 
to the drop cable 204. The magnetic coupling device 206 is 
clamped around both the secondary Winding 208 and pri 
mary Winding 207. The drop cable, or an extension of the 
drop cable, forms a single turn secondary Winding. The 
primary Winding 207 contains at least 1 turn and is con 
nected to a reference test signal transmitter 201 Which 
generates a reference test signal 232. Optimally, the refer 
ence test signal transmitter 201 should generate a repeatable 
Waveform and have consistently high energy at all test 
frequencies, such as 1—40 MHZ. In a preferred embodiment, 
the reference signal transmitter can be made to transmit a 
pseudo-noise sequence for 20.48 microseconds With a clock 
rate of 50 megasamples per second using a pseudo-noise 
generator. Optionally, the reference signal transmitter also 
generates a burst trigger signal 210 for triggering the digital 
sampling receiver 202 by means of a trigger connection 209 
that may be a Wire to a trigger channel 219 on the digital 
sampling receiver. In a preferred embodiment, the burst 
trigger signal 210 is a 5 microsecond long transmission of a 
25 MHZ sine Wave Which precedes the start of the reference 
test signal by 2.5 microseconds. 

If the reference test signal 232 is applied to the trans 
former primary Winding 207, the reference test signal cur 
rent Will be induced on the secondary Winding 208 in both 
directions as illustrated by a reference current arroW 222 on 
the left side of transformer 227 and a reference current arroW 
223 on the right side of transformer 227. Depending on the 
type of reference test signal utiliZed, the current direction 
Will alternate. The arroWs are shoWn for reference. The 
reference test signal travels toWards the house 203 on the 
sheath or outside of the coaxial drop cable 204 Where it is 
divided When it hits a connection at the grounding block 224 
or a splitter 211. If the signal on the sheath encounters the 
shield break 212 in the cable 225, a center conductor signal 
226 Will be induced into the center conductor of the coaxial 
cable 225. This center conductor signal 226 travels back 
toWards the receiver 202 inside the drop cable 204, through 
the secondary Winding 208 to the receiver 202. Receiver 202 
is triggered and acquires the center conductor signal 226. 
Triggering may occur by detecting the presence of center 
conductor signal 226. Alternatively, in a preferred 
embodiment, triggering is accomplished by the burst trigger 
signal 210 through the trigger connection 209 Which may be 
a trigger Wire. 

The launched reference test signal, illustrated by refer 
ence arroW 222, traveling toWards the digital sampling 
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6 
receiver on the sheath of the coax 208 Will not produce a 
trace on the digital sampling receiver if the digital sampling 
receiver has good shielding, but some of the signal Will be 
re?ected back toWards the transformer 227. For this reason, 
it is desirable to have several meters of coaxial cable added 
to secondary Winding 208 betWeen the digital sampling 
receiver and the transformer 227, so that any re?ected shield 
signal Will be delayed relative to the launched signal shoWn 
by reference current arroW 223. The coaxial cable can 
optionally be passed through a second ferrite core 213 
located near the receiver, to reduce the amount of reference 
test signal that reaches the digital sampling receiver on the 
sheath of coax 208. The coax can optionally be looped 
through the second ferrite core 213 a number of times to 
increase ferrite’s effectiveness. Since ferrite core 213 is 
made from lossy material, it may also provide some reduc 
tion in the magnitude of the re?ected pulse if it is carefully 
selected. A loW pass ?lter 214 may be required before an 
input 220 to the digital sampling receiver to prevent aliasing, 
or the sampling of signals With frequencies over the Nyquist 
limit, in a manner Well knoWn in the art. If required, the loW 
pass ?lter function can be built into the digital sampling 
receiver 202, or it can be built into the reference test signal 
transmitter 201. 

If the coaxial Wire 225 in the house 203 is good, there 
could still be a center conductor signal returned by a 
consumer electronic device With poor tuner isolation, such 
as televisions 215 and 216, a video cassette recorder (VCR), 
or other devices. 

The returned center conductor signal inside the coaxial 
cable Will not typically have a ?at frequency response, 
relative to the launched reference test signal, for a number 
of reasons. Some of these reasons are the re?ective nature of 
the signal path during the test, frequency selectivity of the 
television 215 tuner’s isolation, the back re?ected shield 
signal from the frame of the digital sampling receiver 202, 
or because of imperfect frequency response of the trans 
former 227. The Wider the bandWidth of the launched 
reference test signal, the better the resolution Will be for 
determining the time delay betWeen the reference test sig 
nal’s launch on the shield and the receipt of a center 
conductor signal. The ?rst re?ection’s delay time may be 
used to calculate the cable length or electrical path length to 
the break. The calculation of distance from electrical delay 
time is ranging. If there are multiple breaks in coaxial Wiring 
in the house, the ?rst re?ection can be most readily and 
accurately ranged. HoWever, the total energy re?ected, 
Which is a test parameter of interest for comparative reasons, 
can also be measured. 

Note that if the digital sampling receiver 202 does not 
provide an internal termination, one must be provided exter 
nally. 

If there are several splitting devices in the house coaxial 
Wiring, and the shield break is after one or more of the splits, 
the returned center conductor signal Will have loWer energy. 
The energy Will be loWer because less current is ?oWing 
over the defective portion of the coaxial cable as Well as the 
combining losses for the returning signal inside the cable. 
This technique Works to test a single family house. Thus the 
test signal should be injected near the source of the shield 
break 212 to accurately determine the presence of a shield 
break 212. For example, this technique should not be 
expected to accurately test the shield integrity to all rooms 
in a large hotel by launching a signal from outside the 
building, nor should this technique be used to test an entire 
node With 500 homes by launching a signal on the coaxial 
shield at the ?ber node. 
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Once the center conductor signal 226 is captured by the 
receiver 202 using digital sampling, a number of operations 
can be done on the trace to provide useful information. First, 
the trace can be simply vieWed by the technician for peak 
to-peak voltage. There is a dramatic difference in the mag 
nitude of a center conductor signal betWeen a house With 
good shield integrity and a house With a severe shield break. 

Second, the total poWer of the trace can be computed for 
comparison With a standard. 

Third, the trace can be transformed into the frequency 
domain for examination and poWer spectral density mea 
surement. The center conductor signal can be used for 
determining Which frequencies are preferentially alloWed 
into the coaxial cable. This data may be of interest if the 
consumer electronics devices alloW signal from the shield 
into the center conductor, but not in the frequency bands 
Where sensitive carriers are located. The frequency response 
of the returned center conductor signal may provide some 
information to an experienced technician about the nature of 
the shielding problem in the home. If the spectral density of 
the reference signal is ?at, the magnitude of the frequency 
domain center conductor signal may be directly vieWed. 

The frequency response of the path betWeen the reference 
test signal transmitter 201 and the receiver 202, may be 
found by digital signal processing. This is done by ?rst 
storing an ideal or unimpaired reference test signal. Next, 
both the stored ideal reference signal and the received center 
conductor signal are converted into the frequency domain 
using the discrete Fourier transform. In the frequency 
domain the received center conductor’s signal’s coef?cient 
is divided by the reference signal’s coef?cient, on a sample 
frequency by sample frequency basis. This is a division of 
tWo complex numbers. The resultant ratio is the frequency 
response, Which is also a complex number having a mag 
nitude and a phase. The derivative of the phase With respect 
to frequency is the group delay, Which is the time difference 
betWeen the reference test signal and the received center 
conductor signal. If desired, the frequency response can be 
transformed back into the time domain by use of the inverse 
discrete Fourier transform. The result of this operation is the 
system’s impulse response. 

Optionally, the imperfect frequency response of the trans 
former 227 can be removed from the frequency response 
calculation. This can be done by capturing and using a stored 
reference signal that has passed through the transformer 227. 
This is done by replacing secondary Winding 208 by another 
secondary Wire that is passed through magnetic coupling 
device 206. The neW Wire is connected on both ends directly 
to the input 220 on receiver 202 While a stored reference 
signal is being captured. 

Alternatively, signal processing for time delay can also be 
done by performing a convolution in the time domain 
betWeen the received center conductor signal and the stored 
reference signal. 

Frequently, vendors of digital sampling receivers provide 
softWare to display voltage as a function of time on a 
monitor, to perform a Fourier transform and display it on a 
monitor, or to do a poWer measurement. Sometimes the 
softWare is built into the device as ?rmWare, and sometimes 
it is a computer program. 

The transmitted reference test signal may be of several 
types, each With different advantages for producing loW 
interference With broadcast signals, accurately ranging 
distances, inexpensive to build, having an inexpensive com 
panion receiving device, ease of signal processing for rang 
ing data, and compatibility With carriage on cable return 
networks. 
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Possible reference signal sources are an impulse, a series 

of impulses forming a comb signal, a PN signal, a conven 
tional continuous quadratic chirp, and an orthogonal fre 
quency division multiplex (OFDM) signal, or a signal 
invented by David Koo. These signals are all repeatable 
from one transmission to the next. 

A novel signal source that can be used is a frequency 
stepped quadratic chirp. This signal is made by increasing 
the frequency of a sine Wave in multiple discrete frequency 
steps. Phase is held continuous as the frequency steps 
upWard or doWnWard. This signal can be generated by 
rapidly reprogramming a numerically controlled oscillator 
integrated circuit such as the Analog Devices AD9850. 
Alternatively, any of these signal sources can be stored in a 
read-only-memory in 8 bit digital form and played out into 
a high speed digital-to-analog converter in a manner Well 
knoWn in the art. 

Continuous quadratic chirps and stepped quadratic chirps 
both have the advantage that the received Waveform can be 
evaluated, as a time domain trace, for Which frequencies 
preferentially leaked into the center conductor of the cable. 
This determination is made by observing the Waveform 
magnitude versus time. This is possible With chirp signals 
since the frequency change is approximately linear With 
time. Other signals, such as PN signals and OFDM signals 
must ?rst be transformed into the frequency domain by the 
discrete Fourier transform before a determination can be 
done about Which frequencies leaked into the center con 
ductor at a higher level. 

Impulses are loW in cost to generate and may be generated 
as a single impulse, a block of multiple impulses, or as a 
continuous train of impulses. A continuous train Will pro 
duce the greatest interference With communications services 
by radiation from the sheath, but the receiver 202 can be an 
analog oscilloscope. If receiver 202 is a digital sampling 
oscilloscope it can be used to vieW a single impulse or a 
block of several impulses, Which produce much less inter 
ference With broadcast signals than a continuous train of 
impulsive signals. Impulses have very large peaks for a 
small percentage of the total time. Impulses are not easy to 
transport on netWorks because they tend to clip or saturate 
active devices such as laser transmitters or radio frequency 
(RF) ampli?ers. Impulses can be observed directly in the 
time domain for delay time, Which can be used for ranging 
calculations Without digital signal processing. 
A short burst of a PN signal is also relatively inexpensive 

to generate and can also be used for purposes of distance 
ranging if digital signal processing is employed as described 
above. APN sequence may need to be equaliZed to obtain a 
?at spectral density, since it normally has a spectral density 
that is a sin(x)/x function. 
The reference test signal can be measured for total return 

energy for comparing homes to some standard. In ?eld tests, 
an un-terminated coaxial cable With a shield cut at about 1 
meter from the end Was used as an arbitrary reference for 
comparison purposes. 

Another device that can create a test signal With high 
energy over a Wide frequency band is a pieZo element from 
a barbecue lighter. Unfortunately this signal is not repeatable 
from one strike to the next and so can not easily be used for 
distance ranging. It can be used as an approximate indicator 
of returned energy if ranging is not needed. 
Random or Gaussian noise can be used as a reference test 

signal. It has the property of a ?at spectral poWer density, but 
it is not a repeatable signal. 

Another technique for measuring cable shield breaks is to 
apply a broadband signal to the center conductor of the 
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coaxial cable and measure With a transformer, similar to 
transformer 227, the signal that arrives back on the outside 
of the coax as a sheath current. The return signal detected on 
the outside of the shield Will be mixed With broadcast 
signals. This alternate technique, Which may be vieWed as 
the present system except the transmitter and receiver are 
exchanged, may be useful. It offers the advantage of reduced 
interference With broadcast signals. 

The proposed system for measuring signals inside the 
coaxial cable, in addition to typically providing a quiet 
connection, alloWs the measuring of signals and noise origi 
nating inside the house. 

The test system of FIG. 2 can be modi?ed slightly to 
generate less disconnection time from the cable service. The 
disconnection time Will only be the time it takes the tech 
nician to sWap Wires, not the time that it takes to perform the 
test, Which typically takes longer. This test system is illus 
trated in FIG. 3. A directional coupler 301 and a ?rst 
directional coupler connection 308 have been inserted 
betWeen the tap 205 and the drop cable 204 or secondary 
Winding 208 as illustrated. A second directional coupler 
connection 307 connects the other output of directional 
coupler 301 to the receiver 202 through optional loW pass 
?lter 214. This test system has the advantage of alloWing the 
subscribers to continue vieWing television With about 4 dB 
less signal While the test is being performed. Additionally, 
the directionality feature of the directional coupler 301 can 
be used to advantage to detect reference test signals that may 
have come from breaks in the hard-line coaxial cable. This 
determination is made by sWapping terminals 302 and 303 
on directional coupler 301. Terminal 304 remains connected 
to the second directional coupler connection 307 While 
terminals 302 and 303 are sWapped. If the center conductor 
signal being received came from the house 203, sWapping 
the leads should result in less received center conductor 
signal 226. 

The above described testing techniques illustrated in 
FIGS. 2 and 3 are de?nitive tests for shield breaks and 
should be employed by installers and technicians When 
doing neW installations and When troubleshooting. 

The test systems illustrated in FIGS. 2 and 3 have a major 
disadvantage in some circumstances: it requires disconnect 
ing the drop cable 204 from the tap 205 or from the ground 
block 224. This may not be possible if a critical service, such 
as a telephone conversation, is being carried through the 
connection. These tWo test systems have another problem: if 
the shield break is caused by a corroded connection betWeen 
the drop cable 204 and the tap 205, unscreWing the connec 
tion may ?x the problem, perhaps only temporarily. 

FIG. 3A illustrates a test system that tests Without dis 
connecting the subscriber’s drop cable 204 from the tap 205. 
The technician can measure signal inside the tap by remov 
ing a plug from an access port 306 and measuring the signal 
level on the center conductor of the hard line coax 110 by 
probing the seiZure screW located under the plug. The plug 
is similar to a plug 316 located on the opposite side of the 
tap 205. A high impedance probe 312 should be used to 
avoid creating an impedance mismatch or re?ection on the 
hard line coaxial cable 110. The high impedance probe 312 
consists of a bypass capacitor 313, Which may have a value 
of 0.05 microfarad, a series resistor 309, Which may have a 
value of 1000 ohms, a shunt resistor 310, Which may have 
a value of 82 ohms, and an IC ampli?er 311 Which may 
utiliZe one or more integrated circuits such as the HeWlett 
Packard MSA0304 to boost the signal level for application 
to the loW pass ?lter 214. The high impedance probe may be 
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temporarily screWed into the tap 205 in place of the plug. 
Since the ampli?er 311 requires poWer, DC poWer can be 
provided by a battery inside the high impedance probe 312. 
Alternatively, a ?eld-effect transistor ampli?er (FET) can be 
used. FET high impedance probes are available 
commercially, but are not made rugged enough for outdoor 
testing. The high impedance probe includes a cable to 
connect it to receiver 202. 

If the ingress signal came from house 203, the center 
conductor signal voltage Will be loWer by this probe tech 
nique than the result obtained by the technique illustrated in 
FIG. 2. The level Will be loWer by the additional value of the 
tap minus 4 decibels. Tap values typically range betWeen 4 
and 32 dB. If the shield integrity problem is on the hard line, 
the signal level Will be stronger by this technique. Tap arroW 
315 indicates the direction of the forWard signal through the 
tap. 

This test technique can also be used ifthe technician 
suspects the shield break problem is not With any of the 
homes connected to the tap. Because of the directionality 
property of the tap 205, if the center conductor signal found 
on an access port 305 is approximately the same strength as 
the signal found on the access port 306, signal from the 
shield break is probably not coming from any of the 4 ports 
on tap 205. Thus, the directional properties of the tap 205 
can be used to good advantage to help diagnose the shield 
break problem. 

Another modi?cation to the test system of FIG. 2 is to put 
an additional third sense Winding on the magnetic coupling 
device 206 and apply the signal from this Winding to a 
digital sampling receiver’s second channel 221 on digital 
sampling receiver 202. When the reference test signal is 
transmitted, second channel 221 is used to capture and 
record a trace of the reference test signal current, as illus 
trated by current arroWs 222 and 223, that Was actually 
transmitted. This recorded reference signal burst may be 
used as the reference test signal in place of the stored 
reference signal for increased accuracy. This testing tech 
nique modi?cation alloWs ranging With reference signals 
that are not repeatable on each transmission, such as random 
noise. In essence, second channel 221 captures a neW stored 
reference signal With each reference test signal transmission. 
Alternatively, the sense Winding can be placed on a third 
ferrite core placed on the drop cable 204 near transformer 
227, forming a second transformer that shares the same 
secondary Winding 204. 

DESCRIPTION—FIG. 4 

Another test method that does not require the access ports 
305 or 306 to be opened, and does not require the home’s 
drop cable 204 to be disconnected from the tap 205 is 
disclosed in FIG. 4. The center conductor signal 226 from 
the shield break 212 is detected back at the headend 103, and 
the test results are relayed back to the technician at the 
remote point 200 via a doWnstream results signal 408. The 
digital sampling receiver 202 back at the headend 103 is 
triggered over a return path 422 by the burst trigger signal 
210, Which may be a short transmission of a sine Wave. The 
return path 422 is illustrated as a broken arroW. The trans 
former’s ferrite material in magnetic coupling device 206 
encircles the drop cable 204 Which remains connected to the 
tap 205. Aburst trigger signal 210, Which may be a 25 MHZ 
sine Wave through trigger connection 209 from reference 
test signal transmitter 201, is launched back toWards the 
headend through an optional directional coupler 421 into a 
spare port on the tap 205. The return signal is passed over 
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return ?ber optic cable 102 and received by the upstream 
laser receiver 106. Back at the headend 103, a splitter 418 
splits the return signal and applies a portion directly to the 
digital sampling receiver 202 by a lead 419 and a portion to 
a burst band pass ?lter 403 by a lead 417. The burst trigger 
signal passing through the band pass ?lter 403 is applied to 
trigger channel 219 on receiver 202 via a lead 420 and 
triggers the digital sampling receiver 202. The band pass 
?lter 403 serves to prevent noise or other return signals from 
prematurely triggering the digital sampling receiver 202. 
Bandpass ?lter 403 forms one type of a remote trigger signal 
identi?er 412. Many other types are also possible. Receiver 
202, via input 220, is acting as a receiver for all return band 
energy from ?ber node 104. The stored trace on the digital 
sampling receiver’s display can be vieWed out in the ?eld by 
pointing a television camera 406 at the digital sampling 
receiver’s display screen. The television camera 406 has its 
video output connected to a modulator running in a spare 6 
MHZ Wide doWnstream channel. The modulator, Which may 
be a Scienti?c Atlanta model 6350, sends as visual image of 
the test results back into the ?eld for vieWing by the 
technician on a ?eld output device 407, Which may be a 
portable TV With video and audio channels in a manner Well 
knoWn in the art. This doWnstream results signal 408 is 
symbolically illustrated by a broken line. A ?eld output 
device TV 407 is tuned to the spare TV channel. Another 
method Which is commonly used to relay test results or data 
into the ?eld is to use a transmitter/receiver pair employing 
a frequency shift keying (FSK) carrier. Directional coupler 
421 alloWs a tap connection 416 to be shared With the burst 
triggers signal 210 and the ?eld vieWing device. 

Alternately, the time domain signal may be extracted from 
the digital sampling receiver. If the digital sampling receiver 
is an oscilloscope, data may be extracted over a general 
purpose instrumentation bus (GPIB) cable 409 and trans 
formed into the frequency domain data by PC 410 for 
display by a monitor 411. If the digital sampling receiver is 
a data acquisition card, the data may be extracted over the 
bus of the PC. If the digital sampling receiver is a module, 
the data may be extracted over a parallel printer cable. 

Alternatively, the PC can be used to compute the fre 
quency response by comparing the received signal With a 
stored reference signal. The frequency response can be 
further processed for group delay data. If the PC monitor 
uses the VGA video standard, a VGA to NTSC converter can 
be used in place of the television camera 406. 

The reference test signal transmitter 201 generates the 
burst trigger signal 210 folloWed by the reference test signal 
232 When a transmit signal button 217 is pressed. If the 
shield integrity in the ?eld is good, only a trigger signal Will 
be received When the test is performed. 

The delay through the band pass ?lter 403 should be 
knoWn since it Will need to be backed out of the calculations 
for distance ranging. Note that When doing this test, if the 
coaxial sheath break is toWards the ?ber node, there Will be 
very little delay difference betWeen the burst trigger 210 and 
the arrival of the center conductor signal. If the sheath break 
is further aWay from the ?ber node than the burst trigger 
signal injection point, there Will be a larger delay. The 
velocity of propagation inside conventional dielectric foam 
coaxial cable is about 82% of the speed of light. Accurate 
ranging requires accurate timing information from the 
remote trigger signal identi?er. 

If a home is found to have a shield break, the shield break 
should be repaired. If it can not be repaired, the cable 
upstream netWork can still be protected from noise origi 
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nating in that home’s coaxial cable by installing a high pass 
?lter With a cutoff frequency that passes only the doWn 
stream band. This high pass ?lter is typically installed at the 
tap 205. 

Another unrelated but important test that can be per 
formed on the bi-directional cable system 100, While the 
technician is at the remote point 200, is to test the frequency 
response and group delay of the return plant back to the 
headend. This is done by connecting terminals 423 and 424 
on the reference test signal transmitter 201 directly to a tap 
port on the tap 205 and launching a burst trigger signal 210 
folloWed by a burst reference test signal 232 from terminals 
423 and 424. The burst trigger signal 210 and reference 
signal 232 can be the same signals used to perform the shield 
break test as illustrated in FIGS. 2, 3 and 3A, and 4, except 
the reference test signal transmit level needs to be reduced 
With an attenuator 218 to prevent overloading the active 
elements in the return path. At the headend, the burst trigger 
signal triggers remote trigger signal identi?er 412 Which 
triggers the digital sampling receiver 202. The receiver 202 
then captures the received test signal, and doWnloads it into 
the personal computer 410. The personal computer analyZes 
the captured reference test signal With a stored reference test 
signal for frequency response and group delay. This test 
alloWs the return plant to be analyZed for the presence of 
echoes, or multi-path distortion, as Well as excessive group 
delay or amplitude non-?atness. The results of this test are 
visible on monitor 411 or from ?eld output device 407 at 
remote point 200. Thus, a frequency response and group 
delay test can use the test equipment and test method of FIG. 
4 With the exception that the reference test signal is applied 
directly to a tap port on tap 205 at a loWer signal level than 
Would be applied to the magnetic coupling device 206. 

DESCRIPTION—FIGS. 5—7 

FIG. 5 illustrates a test method at a test site 500 that can 
be used to test the plant for breaks in the shield Without 
climbing a utility pole, such as 501, by indirectly injecting 
current into the sheath. Atechnician 502 carries a triggerless 
reference test signal transmitter 503. Triggerless reference 
test signal transmitter 503 applies a triggerless reference test 
signal 520 to a primary Winding 504, Which passes through 
the hole in a split large ferrite core 506. The split large ferrite 
core 506 acts as a magnetic coupling device. A ground Wire 
507 Which connects the coaxial cable plant 125 to earth via 
a ground rod 509, forms a secondary Winding on a trans 
former 518. Ground Wires are used to ground coaxial cable 
plant to earth at many poles, depending on local practice. 
The ground Wire 507 may optionally be used as a ground 
connection by the poWer utility Wires Which, if on the same 
pole, are physically located above the cable lines. The 
current from triggerless reference test signal 520 is directed 
up into the coaxial cable plant 125 and split at the bonding 
point 510. If the injected current ?nds its Way into a break 
in the shield such as a cracked ?tting at a location 516, some 
of the center conductor current Will travel back to the 
headend 103 Where it can be detected by a receiver. 

If desired, the technician 502 can climb the pole 501 and 
apply the transformer 518 directly around a coaxial cable on 
the coaxial cable plant 125. That is, the transformer second 
ary Would be the coaxial cable, instead of the ground Wire 
507. This test method Would give a more accurate test result, 
but takes longer. 

This triggerless reference test signal injection method can 
be modi?ed by tWo methods. One is to clamp the ferrite core 
around the ground Wire, and cut primary Winding 504 into 
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tWo pieces. One end of severed Winding 504 connects 
directly to the ground Wire 507 just above the split large 
ferrite core 506, and the other end of severed Winding 504 
connects directly to the ground Wire 507 just beloW the split 
large ferrite core 506. If the ferrite core is perfect and 
provides a high impedance at all frequencies, the transmitted 
triggerless reference test signal 520 should be the same by 
either method. In practice, the transmitted triggerless refer 
ence test signals Will be approximately the same. 

The second modi?cation to the test method is to apply one 
end of severed Winding 504 to the ground Wire 507 and 
apply the other end of severed Winding 504 to another 
ground point not directly attached to the ground point 514. 
The split large ferrite core 506 is not used. This method is 
less practical because obtaining a second good quality 
ground separated from the ground rod 509 may not alWays 
be possible. 

This method of testing is more dif?cult because the center 
conductor signal from a shield break must be received back 
at the headend 103 Without the bene?t of a distinctive 
triggering signal, such as the burst trigger signal 210 gen 
erated through the trigger connection 209. Furthermore, the 
reference test signal could have been selectively ?ltered by 
the shield break or by other means. A “triggerless receiver” 
is needed to automatically scan the return frequency spec 
trum for components of the triggerless reference test signal 
520 at different frequencies. A reference test signal that has 
energy at all test frequencies and can be detected Without the 
bene?t of a burst trigger signal has been referred to as the 
“triggerless reference test signal” 520. One signal that can be 
used as a triggerless reference test signal 520 is a comb 
signal. As is Well knoWn in the art, a comb of impulses in the 
time domain may be observed to be a comb of discrete 
carriers in the frequency domain. If a comb is generated With 
impulses every 1 microsecond, the signal Will consist of sine 
Waves With harmonics at 1, 2, 3, . . . MHZ. The harmonics 

can be detected back at the headend 103. It is important to 
limit the duration of the test to a short time period to avoid 
interference With broadcast communications services. The 
comb should be loW pass ?ltered to limit energy outside of 
the return test frequency band. It is also important to limit 
the poWer of the triggerless reference test signal 520 to 
minimize interference. For this reason, it is desirable to have 
a sensitive receiver that can quickly detect the triggerless 
reference test signal 520 on the center conductor. 
A receiver can be placed in the headend to detect the 

presence of one or more of the center conductor signal’s 
harmonic carriers. If there is a shield break, some of the 
harmonics of the triggerless reference test signal 520 may 
land on carriers for upstream services, and other ingress 
sources may have energy at the harmonic carriers’ frequen 
cies. Thus there is a need to accurately measure the trigger 
less reference test signal 520 in the presence of background 
noise. Several types of receivers can be used to detect one 
or more of the harmonics of the comb. The most straight 
forWard approach is to use a scanning receiver With a 
synthesiZed phase locked loop local oscillator to hop 
betWeen harmonics to measure the strength of each carrier. 
A second more expensive approach Would be to use a 
spectrum analyZer such as the HeWlett Packard 8591 With a 
general purpose instrumentation bus (GPIB) connection 
back to a PC With a GPIB card. The computer could receive 
the sWeep data of the spectrum analyZer and analyZe the 
trace for harmonics of 1 MHZ. Another triggerless receiver 
approach Would be to utiliZe a very high speed analog to 
digital (A-D) converter operating at 100 megasamples per 
second folloWed by a digital ?lter. The digital ?lter could be 
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programmed to respond to the impulses or harmonics of the 
impulses While rejecting other signals and noise. 
A receiving system With the needed characteristics is 

illustrated in FIG. 6. A receiver system 600 receives an 
upstream center conductor signal from the node 104 via the 
?ber optic cable 102. The optical signal is converted to an 
electrical signal by the upstream laser receiver 106 and 
applied to a mixer 603. The upstream laser receiver 106 
should limit its output energy to the 5—40 MHZ band. If it 
does not, a 5—40 MHZ band pass ?lter should be provided 
after the upstream laser receiver 106. The mixer 603, Which 
may be a Mini Circuits model SBL-l, is driven by a local 
oscillator 604. The local oscillator is a numerically con 
trolled oscillator (NCO) Which employs direct digital 
synthesis, such as is available from Analog Devices in 
evaluation board form as their part number AD8950/FSPCB. 
A NCO alloWs faster and more accurate frequency hopping 
than a conventional phase-locked loop synthesiZer, and 
produces a high quality sine Wave With loWer phase noise. 
The NCO is programmed to frequency hop to frequencies 
offset from the harmonics of the triggerless reference test 
signal 520 by a small difference frequency such as 10 kHZ. 
Thus, the NCO Would step betWeen frequencies such as 
5.01, 6.01 7.01 . . . MHZ. The mixer 603 Will produce a beat 

frequency With any harmonic present in a manner Well knoW 
in the art. The beat, or difference, frequency is passed 
through a loW pass ?lter 605 With a cutoff frequency that 
may be 15 kHZ The loW pass ?lter rejects energy that is more 
than + or —15 kHZ from the NCO’s frequency. An ampli?er 
606 Which may be an integrated IC operational ampli?er 
such as the OP-27, Which is available from Precision 
Monolithics, boosts the level of the loW frequency signal 
from the loW pass ?lter. Aband pass ?lter 607 has a center 
frequency of 10 kHZ to pass the beat frequency. The band 
Width of band pass ?lter 607 is set Wide enough to alloW for 
the expected frequency drift difference betWeen the NCO 
and the triggerless reference test signal transmitter 503, 
Which Will be greatest on the harmonics at the high end of 
the upstream frequency band. A?ltering detector 608 detects 
all the energy passing through ampli?er 606, While a ?lter 
ing detector 609 detects only energy coming through the 10 
kHZ band pass ?lter 607. 

Note that this receiving method Will detect the carriers at 
—10 kHZ offset from the local oscillator 604 as Well as the 
image frequency at a +10 kHZ offset. This can be remedied 
for a 3 dB improvement, if desired, With a more complicated 
circuit using a Hilbert transformer. A Wideband ?ltered 
detector output 615 and a narroWband ?ltered detector 
output 614 are passed into a data acquisition card 610 Which 
may be obtained from National Instruments as their part 
number PC-LPM-16. The data acquisition card is plugged 
into a PC 611 Which receives the digital data from both 
inputs on the data acquisition card. A computer program 
with How diagram 700, running on the PC extracts data from 
the data acquisition card 610 to determine if the energy 
through band pass ?lter 607, indicated as a direct current 
(DC) voltage on narroWband ?ltered detector output 614, is 
clearly above the noise ?oor indicated on Wideband ?ltered 
detector output 615, Which is also a DC voltage. After the 
determination is made, PC 611 commands the LO 604 to 
jump to the next harmonic via a parallel printer port cable 
616 and the test is repeated. A test of the upstream 5 to 40 
MHZ band in 1 MHZ increments requires 35 frequency hops. 
If several harmonics are detected, or if several neW frequen 
cies are suddenly observed to be distinguishable above the 
noise ?oor, the personal computer program How diagram 
700 orders an ingress detection transmitter, 612, to send an 
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alarm ingress detection signal 618 via an antenna 613 and a 
personal receiver 513 to the technician 502 performing the 
test. The personal receiver 513 may be a 2-Way radio, a 
cellular phone call, or a pager. The alarm signal may have 
additional data, such as Which frequencies failed and the 
received ingress harmonic levels. The transmit time for the 
triggerless reference test signal 520 should be slightly longer 
than the PC requires to step through all 35 frequencies. 

FIG. 7 is a How diagram 700 of the softWare running on 
the personal computer. At step 701 the program is started. At 
step 702, the system is initialiZed. At step 703 the NCO is 
programmed With a frequency. At step 704 the Wideband DC 
voltage is read on Wideband ?ltered detector output 615 and 
stored. At step 705 the narroW band DC voltage is read on 
narroWband ?ltered detector output 614 and stored. At step 
706 the program checks Whether or not all frequencies have 
been tested. If not, the program branches to step 703 and the 
measurements are repeated at a neW frequency. If yes, 
processing continues to step 707 Where the ratios of broad 
band to narroW band voltages is computed for each fre 
quency. Next, at step 708 the ratios for each frequency are 
compared With previous ratios. At step 709 a decision is 
made Whether more than N frequencies are above some 
threshold, such as a 20% increase. N may be a program 
mable number. If yes, an ingress detection signal is trans 
mitted at step 710. If not the readings are stored in the data 
base at step 711. In either case, processing resumes at step 
702. 

The technician 502 in the ?eld can also be carrying a 
global position sensing (GPS) receiver 512 that can be 
queried for test location,. The coordinate position data Where 
the test Was done can be stored for later analysis. 

If the GPS receiver’s coordinates are placed into a storage 
device, such as a laptop computer, When an ingress detection 
signal 618 is received from the headend, the technician need 
not be bothered With Writing doWn GPS coordinates. This 
alloWs the test to be done automatically, With less chance of 
errors and With less highly trained personnel. The data can 
ideally be processed to estimate the probable location of a 
shield break after all of the data is collected. The technician 
need not be made aWare that a strong center conductor signal 
Was received at the headend While he/she is doing the test. 
Optionally the reference test comb signal can be further 
re?ned to make its carriers more easily distinguishable from 
other signals and noise by gating the comb on and off at a 
rate such as 1 kHZ. This Would have the effect of sloWing the 
test, but increasing its accuracy by making the harmonics 
more distinguishable from noise. 

Another re?nement to the signal that could be used to 
make the carriers more distinguishable from noise is to 
transmit a reference signal Which is a comb of direct 
sequence spread spectrum signals. This signal can be created 
by performing very high speed sampling on a baseband loW 
speed PN signal. The sampling process, With very narroW 
sampling pulses at a 1 microsecond repetition rate, produces 
a repeat spectra With an identical spread spectrum signal 
centered around each 1 MHZ frequency increment. The 
advantage of this system is that the signals can be detected 
When they are beloW the background noise level, and there 
is loW interference With broadcast services. The disadvan 
tage is that the acquisition time for each carrier is sloW, so 
the test takes longer. The receiving spread spectrum hard 
Ware is someWhat more expensive and complicated. Spread 
spectrum receiver technology is discussed in detail in “Prin 
ciples of Communications Systems”, Chapter 17, by Taub 
and Schilling, and is hereby incorporated as a reference. 

DESCRIPTION—FIG. 8 

FIG. 8 is a schematic diagram of a circuit that generates 
a PN sequence for use as the reference test signal 232, and 
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a burst trigger signal 210 for use in a reference test signal 
transmitter 201. A clock oscillator 804 generates a 50 MHZ 
square Wave Which is divided by 2 by a ?ip-?op 805 to make 
a 25 MHZ clock and divided by 2 again by a ?ip-?op 806 to 
make a 12.5 MHZ clock. A shift register chain 801—803, 
along With an exclusive “or” gate 807, an “and” gate 808, 
and an “and” gate 809 make a 218-1 state pseudo noise 
generator. A counter chain 810—812 make a binary counter 
that provides timing for the start and stop times of the burst 
trigger signal and the PN sequence. The incrementing 
counter values make a 1-of-16 decoder 813 produce outputs 
that ?rst make a Q output on ?ip-?op 814 go high for 5 
microseconds, folloWed by a period of 2.5 microseconds 
With no output, folloWed by 20.48 microseconds While the Q 
output of a ?ip-?op 815 go high. An “and” gate 816 passes 
the 25 MHZ clock out for 5 microseconds, and an “and” gate 
817 passes the PN sequence out for 20.48 microseconds. 
One half of a bus driver 819 drives a 25 MHZ burst trigger 
signal output 821 and the other half of the bus driver 819 
drives a PN sequence output 820. A ?ip-?op 822 serves as 
a latch to keep the counter chain running until the sequence 
is ?nished. A ?ip-?op 818 serves as debouncer for transmit 
signal button 217. Outputs from this board are ampli?ed, 
equaliZed and loW pass ?ltered in a conventional fashion to 
provide an input to trigger connection 209 for the burst 
trigger signal 210 and connections for primary Winding 207 
via terminals 423 and 424. The integrated circuits can be 
built from the 74HC product line, and the circuit is very 
inexpensive to build. 

SUMMARY, RAMIFICATIONS, AND SCOPE 
Although the description above contains many 

speci?cities, these should not be construed as limiting the 
scope of the invention but as merely providing illustrations 
of some of the presently preferred embodiments of this 
invention. For example, a conventional netWork analyZer 
may be used in place of a reference test signal transmitter 
201 and receiver 202 if the reference test signal transmitter 
201 and receiver 202 are both in the same location, as 
illustrated in FIG. 2. LikeWise, the above described test 
method can be incorporated as part of a cable status moni 
toring system to automatically perform the test periodically, 
or only When ingress is detected. If this system is deployed, 
a number of remote reference test signal transmitters 201 
and transformers 207 Will be permanently or temporarily 
mounted at several remote locations. The transmit signal 
button 217 may be operated by the status monitoring system. 

The burst trigger signal 210 may be chosen from many 
different signals that can be easily, quickly, and securely 
recogniZed in the presence of high noise. For example, a tWo 
carrier system, similar to the tWo tone system used for 
telephone signaling, could provide a secure and fast detec 
tion signal. The burst trigger signal could be carriers at both 
18 and 25 MHZ. AtWo carrier burst trigger signal could also 
be used to implement a system that alloWed multiple tech 
nicians to test at the same time in the same ?ber node 
Without confusing Which results belong to Which technician. 
This can be accomplished if different technicians use dif 
ferent pairs of carrier frequencies. 
The ferrite material making up the core of the transformer 

can be non-split, as desired. A non-split core Would require 
that the connection be broken to perform the test, but the 
results Would be more consistent since there Would be no 
inaccuracy in the launched reference test signal because of 
a variable air gap due to dirt or other foreign material 
betWeen the core halves. 

The core of the transformer can be made of a magnetic 
material other than ferrite that has good high frequency 
properties, such as poWdered iron or a tape-Wound core. 
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Another re?nement is to combine the functional pieces at 
the test site 500 or remote point 200 Wherever possible to 
increase utility and ease of use. For example, reference test 
signal transmitter 201, receiver 202, and transformer 227 
can be incorporated into the same hand-held unit. LikeWise 
the triggerless reference signal transmitter 503, the split 
large ferrite core 506, the GPS receiver 512 and the personal 
receiver 513 can be combined. 

Thus the scope of the invention should be determined by 
the appended claims and their legal equivalents, rather than 
by the examples given. 
What I claim is: 
1. Atest system for ?nding a break in a shield of a coaxial 

cable, the test system comprising: 
a transmitter having an output that supplies a reference 

test signal; 
a transformer for magnetically inducing the reference test 

signal onto the shield of the coaxial cable comprising 
a primary Winding connected to the output of the 

transmitter; 
a secondary Winding comprising a portion of the shield 

of the coaxial cable; and 
a magnetic coupling device for magnetically coupling 

the primary and secondary Windings; and 
a receiver connected to a center conductor of the coaxial 

cable, for receiving a signal induced from the shield to 
the center conductor, and for indicating When the 
magnitude of the induced signal received exceeds the 
magnitude of the induced signal received from an 
unbroken coaxial cable, thereby indicating a shield 
break is present in the coaxial cable. 

2. The test system of claim 1 Wherein the reference test 
signal has energy at a plurality of frequencies. 

3. The test system of claim 2 Wherein the reference test 
signal comprises pseudo-noise. 

4. The test system of claim 2 Wherein the reference test 
signal comprises digital data retrieved from a memory and 
converted to an analog form. 

5. The test system of claim 1 Wherein the reference test 
signal comprises an impulse. 

6. The test system of claim 1 Wherein the coaxial cable 
comprises a cable plant. 

7. The test system of claim 1 further comprising 
a tap located in the coaxial cable; 
a high impedance probe connected betWeen the tap and 

the receiver. 
8. The test system of claim 1 further comprising 
a directional coupler, having a directional coupler input 

terminal, a ?rst directional coupler output terminal, and 
a second directional coupler output terminal; 

a tap; 
Wherein the coaxial cable is connected to the directional 
coupler input terminal and the tap is connected to the ?rst 
directional coupler output terminal and the receiver is con 
nected to the second directional coupler output terminal. 

9. The test system of claim 1 Wherein the receiver is a 
digital sampling receiver. 

10. The test system of claim 9 Wherein the received signal 
is processed by a Fourier transform method to determine 
Which frequencies of the reference test signal are preferen 
tially leaked into the shield break. 

11. The test system of claim 1 further comprising 
a burst trigger signal created by the transmitter; and 
a trigger connection connecting the burst trigger signal 
from the transmitter to the receiver, Wherein the 
receiver is triggered by the burst trigger signal. 
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12. The test system of claim 11 Wherein the transmitted 

signal and the received signal are processed to determine the 
delay time betWeen the transmitted signal and the received 
signal Wherein the delay time indicates the location of the 
shield break. 

13. The test system of claim 11 further comprising: 
a return path betWeen the transmitter and a headend of the 

coaxial cable; and 
a remote trigger signal identi?er connected to the headend 

and connected to a trigger input of the receiver to 
trigger the receiver When the remote trigger signal 
identi?er receives the burst trigger signal over the 
return path. 

14. The test system of claim 13 further comprising 

a ?eld output device located adjacent to the transmitter; 
and 

a modulator for capturing an output of the receiver and 
sending the captured output to the ?eld output device 
Whereby the results of the shield break test are relayed 
to a location of the transmitter. 

15. The test system of claim 1 Wherein the transmitter 
output and the receiver connection are exchanged. 

16. A test system for ?nding a shield break in a coaxial 
cable plant, comprising: 

a triggerless reference test signal transmitter having an 
output that supplies a triggerless reference test signal; 

a transformer for magnetically inducing the triggerless 
reference test signal onto a portion of the shield of the 
coaxial cable plant comprising 
a primary Winding connected to the triggerless refer 

ence test signal transmitter output; 
a secondary Winding Which is electrically attached to 

the coaxial cable plant; and 
a split ferrite core Which magnetically couples the 

primary and secondary Windings; and 
a triggerless receiver connected to a return path of the 

cable plant; 
Whereby the triggerless reference test signal transmitter 
transmits the triggerless reference test signal and the trig 
gerless receiver receives a return path signal When there is 
a break in the shield of the coaxial cable plant. 

17. The test system of claim 16 Wherein the triggerless 
reference test signal comprises a comb signal. 

18. The test system of claim 16 Wherein the triggerless 
reference test signal comprises a pseudonoise signal. 

19. The test system of claim 16 Wherein an ingress alarm 
detection signal is sent to the location of the triggerless 
reference test signal transmitter When the triggerless receiver 
receives a return path signal. 

20. The test system of claim 16 Wherein the triggerless 
reference test signal is indirectly induced onto the shield. 

21. A method for identifying a shield break in a coaxial 
cable plant comprising the steps of: 

(a) magnetically coupling a signal to a shield of the 
coaxial cable; and 

(b) receiving the coupled signal from a center conductor 
of the coaxial cable; 

Whereby the presence of a shield break is determined by 
receiving the coupled signal on the center conductor. 

22. The method of claim 21 Wherein the signal comprises 
an impulse. 


